Lignin, a natural polymer composed of phenylpropane units, is an agglutination element in the cell wall of vascular plants. These units are referred to as guaiacyl (a), syringyl (b), and p-hydroxyphenyl, (c) phenyl-propane units (Fig. 1) . They are connected in three-dimensional space by C-C and C-O-C bonds. Softwood lignin consists of (a), hardwood lignin of (a) and (b), and herb lignin of (a), (b) and (c). Lignin is taken up as a "dietary fiber" when vegetables and fruits are consumed. It is thought that dietary fiber is useful for the prevention of some diseases (such as cancer) although most is excreted without being digested. To clarify the influence of dietary fiber on an organism, it is important to examine the relationship between the dietary fiber and enterobacteria. It has been reported that cellulose, hemicellulose, and pectin, components of dietary fiber other than lignin, are metabolized by enterobacteria (Van Soest, 1978) . On the other hand, it has also been reported that ferulic acid, a model compound of lignin, is metabolized by Enterobacter and Escherichia (Grbić -Galić, 1986 ).
From the results of various reports, it can be stated that the various influences of many components of dietary fiber (other than lignin) on enterobacteria differ. For example, it is reported that guar gum and pectin (both components of dietary fiber) do not influence the status of intestinal bacterial flora . The antibacterial activity against Klebsiella pneumoniae, Pseudomonas aeruginosa, E. coli, and Staphylococcus aureus was found in a dietary fiber, chitosan, but not in cellulose or pectin (Nelson et al., 1994) . On the other hand, there is a report on the lack of antibacterial activity of pectin (ElNakeeb and Yousef, 1970) .
In respect to the influence of lignin on enterobacteria, it is reported that woody lignin shows antibacterial activity against Klebsiella pneumoniae, Pseudomonas aeruginosa, E. coli, Staphylococcus aureus (Nelson et al., 1994) . The suppressive effect of isoeugenol, a model compound of lignin, and wood lignin extracts (alkali extracts of wood) have also been found to act against Candia albicans and E. coli (Oh-hara et al., 1990; Zemek et al., 1979) . However, the influence of herb lignin, which is eaten as a food, on intestinal bacterial flora has not been reported. In this study, the influence on the growth of enterobacteria of lignin extracted from rice bran and the effect of enterobacteria on rice bran lignin were investigated.
Lignin was prepared according to the Björkman method (1956) : samples were extracted in a powder form from rice bran by using Soxhlet's extractor with 100% acetone (Wako Pure Chemicals Co., Japan) and with a 90% (volume/volume) aqueous acetone solution. The residues, extracted with an 80% (volume/volume) aqueous dioxane solution by using Soxhlet's extractor, were dissolved in a 90% (volume/volume) aqueous acetic acid solution after concentration. The excess water in the solution was discarded and the precipitates collected. IR spectrum analysis identified the extract to be lignin. Alkaline CuO oxidation was done to examine the kind of lignin-derived phenol compounds of the extracts. Alkaline CuO oxidation was carried out according to the procedure developed by Hedges and Ertel (1982) and modified by Göñi and Hedges (1992 Enterobacteria were cultured in a GAM medium (Nissui) for 24 h at 37°C in a dark place under anaerobic conditions. Fifty microliters of the culture was added to 2 ml of new GAM medium for inoculation. Lignin was added to the medium at a concentration of 1 mg/ml. In this experiment, the influence of lignin was examined by observing differences in the influences on lignin by the kind of the bacterium. The experiment medium was incubated for 24 h at 37°C in a dark place under anaerobic conditions. The turbidity of the culture medium was obtained by measuring absorbance at 600 nm (OD 600 ) using a spectrophotometer (Hitachi U-200), which roughly reflected the number of bacteria.
The change in the molecular weight of lignin was examined for the medium condensate by gel permeation chromatography (GPC). Polystyrene (GL Sciences, Inc.) was used as molecular weight standard. The presence of smaller molecules as products of the metabolized lignin was examined by gas chromatography (GC). For GPC, 603-KF and THF were used for the column and solvent, respectively. The flow velocity was set at 0.4 ml/min; a multichannel UV detector was used; and the sample was acetylated. The chromatographic peak derived from lignin was confirmed by examining the UV spectrum. GC of the trimethylsilylated sample was measured. HP-5 and helium were used for the column and carrier gas, respectively; temperature was raised from 100 to 270°C at the rate of 4°C/min; and a flame ionization detector was employed. Figure 2 shows the IR spectrum of the rice bran extract. Lignin has a three-dimensional structure consisting of a unit with 0-2 methoxyl groups attached to the phenylpropane by C-C and C-O-C bonds. The carbonyl group on the aliphatic side chain also distinguishes lignin. Therefore, absorptions derived from the hydroxyl, carbonyl, aromatic, and aliphatic groups and the ether bond in the IR spectrum are predicted. In Fig.  2 , the absorption derived from OH at 3,400 cm , and the aliphatic ether bond were observed. Absorption of the phenolic OH group was confirmed at 280 nm in the UV spectrum.
As alkaline CuO degradation products, vanillin, vanillic acid, syringic acid, and p-coumaric acid, which are characteristic degradation products of lignin derived from a herb, were detected in the sample obtained. These compounds were identified by the agreement of retention time of GC with those of the commercially available reagents.
From the above results, it was confirmed that the extracts obtained represented lignin. On GPC analysis, a calibration curve was obtained by using polystyrene 202 TOH et al. Vol. 53 Fig. 1. Structure of (a) guaiacyl-propane unit: R 1 ϭH, R 2 ϭOCH 3 , (b) syringyl-propane unit: R 1 ϭR 2 ϭOCH 3 , (c) p-hydroxyphenyl-propane unit: R 1 ϭR 2 ϭH.
(each molecular weight being 580, 1,260, 2,350, 4,290, or 12,970) as the molecular weight standard (dashed lines in Fig. 3 ). The weight average and number average molecular weights of lignin were calculated according to the procedures of Takeuchi and Mori (1976) . The weight average and the number average molecular weights of rice bran lignin were calculated to be 4,910 and 2,250, respectively. It was reported that the average of molecular weights of spruce lignin (a wood lignin) obtained by a similar method was 11,000 (Björkman, 1956) , which was larger than that of rice bran lignin.
The turbidities (OD 600 ) in the medium including enterobacteria with or without rice bran lignin were observed. The results are summarized in Fig. 4 , where the mean values of five independent experiments are shown. The values of OD 600 for all samples have that of the medium cultured under the same conditions as background subtracted. A change was not observed in the value of OD 600 before or immediately after the inoculation. The OD 600 of L. acidophilus and S. intermedius with lignin were significantly greater than those without lignin pϽ0.01) . The OD 600 of E. coli, S. epidermidis, L. minutus, and B. bifidum with lignin were significantly lower than those without lignin (pϽ0.01). Small values of OD 600 were observed when inhibition of growth of bacteria or bacteriolysis occurred. In the GPC analysis of the rice bran lignin and E. coli, it was found that the molecular weight of rice bran lignin was reduced from about 5,000 to 1,000 in 24 h (Fig. 3) . Molecular weight was estimated from the position of the retention time of the peak derived from lignin. Because of the influence of the medium, the value obtained was approximate. Changes in other bacteria in relation to the molecular weight of lignin were not observed (data not shown). In the GC analysis of the medium of E. coli, peaks that appeared to be derived from metabolized products of rice bran lignin were observed (arrows in Fig. 5 ). The change in the molecular weight of lignin that was observed in this 2007 Effect of lignin on enterobacteria 203 Fig. 2 . IR spectrum of the extract from the rice bran. study means that the metabolism of rice bran lignin by E. coli is consistent with the report by Grbić-Galić (1986) on metabolism of the model compound of lignin by E. coli. Rice bran lignin was used in this research while ferulic acid was used as the lignin model compound by Grbić-Galić (1986) .
This study examined the influence of rice bran lignin on enterobacteria. There are many reports on the action of wood lignin on enterobacteria: but none has reported regarding herb lignin ingested as food (such as rice bran). It is thought that herb lignin has a different influence on enterobacteria from that of wood lignin because of the difference of the structure as shown in Fig. 1 . In this study, E. coli, which has a pathogenic potential (although a non-pathogenic strain was used here), B. vulgatus, E. faecium, L. minutus, S. epidermidis, and S. intermedius , which are pathogenic bacteria causing opportunistic infections, and B. bifidum, B. longum, and L. acidophilus, which are known to be beneficial to the host, were used. No simple result, i.e., increases in the number of useful bacteria and decreases in those that are harmful, was obtained.
E. coli metabolized lignin and their number was reduced by lignin. Whether the products of the metabolized lignin contributed to the growth of the bacterium is unclear. In general, lignin shows resistance against metabolism by microorganisms. When wood-rotting fungi decompose lignin, the products obtained are not a sufficient carbon source for the bacterium (Kirk et al., 1976) . Therefore, it is thought that the growth of E. coli is disturbed because of the unsuitable nutritional source. The degradation of rice bran lignin occurred within 24 h after the incubation of lignin and E. coli, so lignin taken as a meal may be degraded in the intestine by E. coli. Both herb lignin and wood lignin showed antimicrobial activity for E. coli in spite of differences in structures and molecular weight between them. This is the first report of antimicrobial activity for herb lignin which can be taken as meal although there were the reports where antimicrobial activity of wood lignin or lignin model compounds had been demonstrated.
It is difficult to provide experimental conditions like the intra-intestine where various bacteria coexist, because many parameter (such as the influence of a meal, the position in the intestine, and the physiological status of the intestine) must be controlled. Therefore, in this study, the effect of lignin was observed against each enterobacterium.
An interpretation of the mechanisms of the differences of the effects of lignin between different enterobacteria is now being undertaken. In the case of E. coli, it is thought that metabolism of lignin by E. coli contributes to the growth of this bacterium. In other cases, there is some possibility that lignin physically functions as the structure of the medium, which might contribute to the growth of enterobacteria because lignin is a biopolymer. Arrows show the peaks derived from lignin and asterisks, those of an internal standard (caffeic acid).
